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Introduction

About Major Choice
In recent years, several studies have focused on the subject of college major choice. Indeed, major choice is a well studied subject in many dimensions because of its relevance in the configuration of our society's tertiary-educated citizens. This issue has been in the spotlight over the past decades, as it is a common phenomena around the world to see, for instance, low female enrollment rates in Engineering and Economics majors (Bettinger and Long, 2005) , higher enrollment rates in high-return majors for upper-class students (Macmillan, Tyler, and Vignoles, 2015) , among other stylized facts.
The latter examples depict some well-addressed relations between college major choice and student characteristics. Nevertheless, other important determinants of college major choice lie on the other side of the classroom: teacher characteristics.
There are a lot of insights from other social sciences such as psychology or sociology that confirm the importance of teachers on students' major choice decisions (Chambliss and Takacs, 2014) . That is, an important futuredetermining choice that one might consider as completely endogenous may still be highly conditioned by external factors such as role-model shocks induced by instructors (Canes and Rosen, 1995; Rask and Bailey, 2002; Zafar, 2013) or informational shocks that affect the future prospect of a major for each student (Wiswall and Zafar, 2015; Hastings, Neilson, and Zimmerman, 2015) .
Notwithstanding, there is an important challenge for economists to quantify these external effects, as usually students choose their teachers according to unobserved characteristics and therefore endogenously determine these "external" shocks that affect their major choice. To address this issue, we exploit the exogenous characteristic of random freshmen course assignment in a large Chilean university to identify the causal effect of teachers and their qualitative characteristics over students' major choice.
In order to fully understand our methodology, some briefing on the underlying institutional setting is provided in the next subsection.
Institutional Setting
The Chilean higher education system possesses some particular features that converts it into an interesting case to study college major choices. First of all, the main mechanism to access tertiary education is through a nationally standardized set of tests called Prueba de Selección Universitaria (PSU).
Once students obtain their test scores, they may choose among universities subscribed to this general system 1 by ranking their programs in a nationallycentralized admission system. After this, each university fills each program's capacity with the higher-scoring students that opted for them. Students get enrolled only in the topmost program in which they got accepted. For a thorougher description of the Chilean higher education admission system, see Bordon and Fu (2015) .
The important part for this study is what comes next. In the School of Economics and Business of one of the largest universities, when students get enrolled as freshmen, they get their initial courses assigned randomly, i.e. they can't choose their teachers until they start their second semester. This ensures that first-semester teachers are completely exogenous for these freshmen, and so are the eventual shocks they might receive from them. This School offers three programs: i) Commercial Engineering, ii) Engineering in Information and Management Control and iii) Accounting-Auditing. An important fact is that the former program mandates students in their second year to choose between two radically opposite majors: Economics or Business. It's because of this characteristic that we'll pose our attention on students enrolled in the Commercial Engineering program.
As a last part of this short institutional setting briefing, we'll also exploit a mandatory survey that students must fill each semester. In this survey there is a module oriented to teacher characteristics, in which students rate each professor they had in that corresponding semester. For more details on the questionnaire, see Table 4 in Appendix A.
The rest of the document is structured as follows: section 2 shortly reviews some of the existing literature, section 3 presents a simple model which, combined with the data presented in section 4, allows different specifications from section 5 to obtain the results from section section 6. Finally, section 7 provides a simple robustness check and section 8 concludes.
Literature Review
There is a broad (and somewhat controvertial) literature in educational economics concerning college major choices. For instance, Montmarquette, Cannings, and Mahseredjian (2002) use mixed multinomial logit and probit models to identify the effect of expected earnings on the probability that a student will choose a specific major among four choices of concentrations, while Arcidiacono (2004) and Arcidiacono, Hotz, and Kang (2012) develop structural models to explain college major choices based on the expected future stream of income that each one yields.
On the reduced-form side, Sacerdote (2001) and Sohn (2016) exploit different natural experiments to identify their effects on educational outcomes, among them, college major choice. Wiswall and Zafar (2015) explicitly focus on college major choice by implementing a randomized controlled trial with an informational treatment.
There's also a lot of interest in determining till what extent teachers influence students in different dimensions. Influence can be though many mechanisms, like gender-matching (Paredes, 2014) , race-matching (Dee, 2004) or simply because of the teacher's quality (Carrell and West, 2010) .
Notwithstanding, research focusing on the causal effects of teachers (and their characteristics) on college major choices is scarce 2 . This is mainly 3 due to the fact that usually teachers are endogenously chosen at college and therefore this yields the typical absence of an appropriate counterfactual to identify the effect (Holland, 1986) .
Thus, there are a few randomized controlled trials, but no one has explored deeply into individual characteristics of teachers and how they affect college major choices. A contribution of this document is the use of a rich and extensive data set that, through a random assignment, allows for a causal identification (Rubin, 1974) of the effect of particular teacher characteristics on college major choices.
The Model
In spite of basing our results on a random assignment, an underlying theoretical model is explicitly presented in order to account for the eventual assumptions being made when computing treatment effects (Keane, 2010) .
Consider that student i may choose between majoring in Business or in Economics. Denote the observed outcome Y i as 1 if she chooses Economics and 0 if not. Suppose that there is a tacit net utility of choosing Economics over Business for student i and denote it as U i . Thus, we have that
i.e. student i is fully rational and will choose a major if and only if it yields a higher net utility than the other.
Now we impose some structure on U i , letting it be
where T ij is 1 if student i was assigned to teacher j in set J and 0 if not, X is a set of observed characteristics and ε i is an unobserved error component. In this case, β j may be interpreted as the effect of a non-specific shock received by a student from teacher j, just as we commented before.
Suppose now that ε i ∼ N (0, σ 2 t ), where t indexes years/cohorts. Then, substituting (2) in (1) we get
XB and the odds of this event are equal to
where Φ is a cumulative standardized Gaussian distribution.
Therefore, we finally obtain a reduced-form probit model described by
Data
We use administrative data from a large Chilean university, particularly from its School of Economics and Business. We possess information from ten cohorts spanning from 2005 to 2014 on a biannual basis (whole available database).
The data is restricted only to freshmen enrolled in Commercial Engineering on their first semester whose teachers were randomly assigned. Their major choice is retrieved from the same administrative records.
For identification purposes, we'll be interested in the Introduction to Economics (ECON101) course. In this way, T ij will be 1 if student i was assigned to teacher j in the ECON101 course, so J is restricted to the set of (thirteen) teachers that dictate ECON101 in the sample.
Additionally, we only consider teachers that have been at least 2 years with the course. This ensures a minimum amount of student observations per teacher and eliminates potential noise generated by "first-and-last-time" teachers (with no experience, where the course was not of their preference, etc.). Figure 1 shows the average probability of majoring in economics over all the considered ECON101 professors.
Finally, we count with several control variables such as the grade (scaled continuously from 1 to 7) of each student on the ECON101 course, the entrance score constructed as a weighted average their PSU scores, their preference ranking for the program, their school GPA, the week days on which the ECON101 course is dictated (1 if lectures are held Monday and Thursday and 2 if they're held Tuesday and Friday), a failure status dummy and a "Block" variable that indicates the time schedule in which lectures are held 4 .
Summary statistics for all of these variables are presented in Table 1 . Note how about 40% of the students choose Economics as their major 5 , so we have enough variation in majors to identify effects. It's also important to note that this School has relatively high entrance scores, as the country's mean score in each test is standardized to 500 points with a standard 4 It's equal to 1 if lectures are from 8:00 am to 9:30 am, 2 if they are from 9:40 am to 11:10 am, 3 from 11:20 am to 12:50 pm, 4 from 1:30 pm to 3:00 pm, 5 from 3:10 pm to 4:40 pm and 6 from 4:50 pm to 6:20 pm.
5 We have only 1561 observations because some students of the last cohorts haven't chosen their major yet, mainly because they've failed courses and delayed their career. deviation of 110 points, i.e. the School's mean is two standard deviations over the national average. School GPA's mean is over 90% of the full score and failure rates are relatively low for the ECON101 course (about 12%). Bivariate histograms are shown for the former two variables in Figure 2 for students majoring in Economics and in Figure 3 for Administration majors while individual densities are shown in Figure 4 and Figure 5 for each major.
A potential threat is given because the data set is very unbalanced, as some teachers have more than 13% of observations while others barely pass 3%. Years are more balanced, but we still have problems with year 2012 (administrative issues that will be solved soon in the next edition of this document...). Other caveat is the fact that β j might not be identifying the effect of teacher j, but might include confounding effects such as teacher j's TAs or the classroom assigned. In this sense, the effect may be interpreted as an all-inclusive effect, not only as the single impact of the teacher.
Having all of this clear, we may explain our main identification strategy. 
Identification Strategy
Course assignment is random, conditional on program. As our sample consists uniquely of students of the Commercial Engineering career, assignment is completely random for them.
We estimate the following pooled 6 Probit model:
where Y ij is 1 if student i chooses economics as her major and 0 otherwise; T ij is 1 if she is assigned to professor j in set J and 0 otherwise; X is a set of student and course covariates and ε i is a well-behaved unobserved component.
In this case, the β j coefficients in (3) will account for the mean effect of teacher j (and all the other eventual confounding effects we discussed before) on the odds of choosing Economics as a major. Additional to this main specification, a second (and surely more interesting) set of estimations are held. The idea is to recover the characteristics of teachers that make students more prone to choosing an Economics major. In order to do this, we make use of administrative data containing all the student responses to the Teacher Evaluation Survey (TES) that proxy twelve different characteristics of different professors. Thus, one may estimate the effect of each of these characteristics with the reduced-form probit model described by
where Q ijk denotes the score (ranging from 1 to 7) for teacher j in characteristic k ∈ K and where teacher-specific fixed components are included.
To account for the endogeneity of Q ijk , it is replaced by Q tjk , i.e. the average score of characteristic k for professor j in cohort t (not provided by student i, but by her classmates). Therefore, this aggregate measure of each characteristic is an exogenous covariate that may impact student i's major. (4) will be estimated using Economics-Business teacher pairs as T j and the score difference of each characteristic as Q tjk to account for relative, not absolute, effects of them. The hypothesis tested behind this is that major choice may not necessarily be highly conditioned because of a teacher's particular characteristic, but because of the comparison of it against another teacher. This may shed some light on how important are relative prospects (opposed to absolute prospects) when students choose majors. Additionally, model (3) will also be estimated only with Business teachers.-
Results
The results for the estimation of (3) with different controls are presented in Table 2 . As one can easily see, significant coefficients are relatively stable under different specifications. Thus, there are four teachers that actually influence relevantly in students' major choice, evidencing that this decision may actually be exogenously conditioned. Moreover, there are some teachers that can even increment in over 20% the probability of choosing an Economics major, i.e. they can neutralize the effect of failing ECON101! Marginal effects; Standard errors in parentheses (d) for discrete change of dummy variable from 0 to 1 * p < 0.10, * * p < 0.05, * * * p < 0.01 When digging into what characteristics make students more prone to choosing the Economics major, there are four winners. The first and most important characteristic is related to the extent up till which teachers allow questions and expressing ideas (Characteristic 6 from Appendix A). Indeed one might expect economists as "social scientists" to be more oriented towards expressing their opinion about any social matter.
A second characteristic is precisely how stimulating is the teacher when advancing through the syllabus. This surely proxies how much interest for economics will be rooted in each student. A third, but less relevant characteristic indicates the perception of fairness in evaluations. I'd say that students that feel they were evaluated unfairly are mostly the ones with worst grades. Thus, this may seriously correlate with ECON101 grades and therefore major choice.
As a final characteristic we have how respectful is a teacher with her students. In this case, the effect is negative, i.e. if teachers are respectful, students are less prone to choosing Economics. One might think that respectfulness and closeness with students may be negatively correlated, and thus, "disrespectful" ECON101 teachers may actually just be more friendly to students, making them have a better prospect of Economics as a major. 
Robustness Check
Over the 2005-2012 period, the other two careers at this School, the "Engineering in Information and Management Control" program and "AccountingAuditing" program where considered as a single one for freshmen. Once they'd finished the common core of both programs, they could choose on which one to major. Nevertheless, this common core also includes both, the Introduction to Economics course and the Management and Business course and a random assignment is performed, just as in the Commercial Engineering case.
Notwithstanding, this major choice shouldn't have much relation with, say, the Introduction to Economics course, as the majors they choose have practically no direct relation with the subject. Therefore, as a robustness check, the original specifications are tested over a sample containing only students that are not enrolled in the Commercial Engineering program. The sample is restricted to the cohorts that entered college before 2013, as in this year there was a major curricular reform that modified the enrollment system, separating Engineering in Information and Management Control and Accounting-Auditing as two different programs.
-The results of this falsification test will be presented in the next edition of this document... Future versions of this paper will also consider other (much more unexplored) effects: the impact of teachers and their characteristics on (first job) labor market outcomes.-
Concluding Remarks
Contrary to what one may think, important decisions such as choosing a college major are not completely endogenously taken. Indeed, there is a significant and economically important effect of freshmen teachers over college major choice. The conditioning estimated effect of teachers on the chances their students opt for the Economics major spans from about 15% to almost 22%. This is robust to different specifications.
There are also certain characteristics that exogenously bend students towards choosing Economics as a major. These make intuitive sense and may be also very relevant when making this decision.
As in most "experimental designs" such as this one, there is a clear lack of external validity. Indeed, there is no way to ensure such results may be replicated in other context, not even with the same program and in the same country 7 . Thus, results must be handled with care and policy implications must not blindly follow them, but use them as a case study with high internal validity.
Finally, as a future research agenda we'd like to propose other dimensions in which teachers may causally impact students and their future career development. These kind of random assignments are a great opportunity to explore and answer important questions on how higher-education students are formed and how does this formation impact the configuration of our future tertiary-educated society.
